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T I T L E :  Autonomous Rock Tracking  and  Acquisition  from a Mars Rover 

Autonomous robot ic   opera t ions   can   grea t ly   increase   the   sc ience  r e t u r n  
of p lane tary   miss ions .  A s  these   opera t ions  become more adapt ive ,   the  
burden of planning a sequence of motions i s  moved from t h e  human 
operator   to   the  onboard  control   system,  a l lowing a g r e a t e r  number of 
targeted  experiments   to   be  achieved.   Future  Mars explorat ion  missions 
w i l l  perform two types of experiments:  science  instrument  placement 
for   c lose-up  measurement ,   and  sample  acquis i t ion  for   re turn  to   Earth.  
I n  t h i s  paper w e  descr ibe  a lgori thms we developed   for   these   t asks ,  and 
demonstrate them in   f i e ld   expe r imen t s   u s ing  a se l f - con ta ined  Mars 
Rover pro to type ,   the  Rocky 7 rover .  

Our approach  combines  vision  processing  with  vehicle  and arm c o n t r o l .  
The t a r g e t  i s  i d e n t i f i e d   i n   a n  image  by a human ope ra to r ,  and i t s  3 D  
l o c a t i o n  i s  computed  onboard  using  stereo  vision. An a r c  toward  the 
t a r g e t   p o i n t  i s  planned,  and  executed i n  smal l   s teps .  The shape of 
the  terrain  immediately  around  the  target  i s  used   to   reacqui re   the  
t a r g e t   a t   e a c h   s t e p ;  w e  servo on the   e l eva t ion  map ins t ead  of image 
features ,   because t h e  l a t t e r   a r e   s u b j e c t   t o   a b r u p t   s c a l e   c h a n g e s  
during  the  approach.  This  al lows  us  to  compensate  for  the  poor 
odometry  that   resul ts  from  motion on l o o s e   t e r r a i n ,  by v i s u a l l y  
reaqui r ing   the   t a rge t   a t   each   s tep .   Vehic le   mot ion   s tops  when t h e  
target  appears  within  the  workspace of t he  arm t h a t  w i l l  be  used t o  
g r a s p   o r   s t u d y   i t .  

Field  experiments  have shown t h a t  we can   successfu l ly   g rasp  a 5cm long 
rock  over l m  away using  120-degree  f ie ld-of-view  s tereo  cameras ,  and  can 
p lace  a f l e x i b l e  mast on a rock  outcropping  over 5 m  away using 4 5  
degree  stereo  cameras.  
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